Fast and energetic winds are invoked by galaxy formation models as essential processes in the evolution of galaxies. These outflows can be powered either by star-formation and/or AGN activity, but the relative dominance of the two mechanisms is still under debate. We use spectroscopic stacking analysis to study the properties of the lowionization phase of the outflow in a sample of 1330 star-forming galaxies (SFGs) and 79 X-ray detected (10 42 <L X <10 45 erg s −1 ) Type 2 AGN at 1.7<z<4.6 selected from a compilation of deep optical spectroscopic surveys, mostly zCOSMOS-Deep and VUDS.
INTRODUCTION
Fast and energetic winds are invoked by many galaxy formation models as essential processes in the formation and evolution of galaxies. Their existence is well established observationally, though many questions remain to be answered about their origin and nature. One of the most important answers that is sought regards the main engine driving galacticscale winds, especially at the peak of both SF and AGN activity through cosmic time (1<z<3), in an attempt to explain the rapid quenching of SF and the link between the evolution of AGN and their host galaxies through the feedback that winds could in principle provide.
Indeed, massive gas outflows can be powered either by star-formation (SF) activity, namely stellar winds and/or supernovae explosions, or by AGN, for example through a radiatively-driven process likely associated with a luminous, obscured, and dust-enshrouded black hole accretion phase, though the relative dominance and efficiency of the different mechanisms is not yet fully understood (Chevalier & Clegg 1985; King 2005; Veilleux et al. 2005; Fabian 2012) .
Winds are observed in SFGs with no sign of AGN activity in their UV or optical spectra (e.g. Shapley et al. 2003; Talia et al. 2012; Cicone et al. 2016; Bordoloi et al. 2014) or from their X-ray properties (Cimatti et al. 2013) , in quiescent galaxies hosting lowluminosity AGN (Cheung et al. 2016 ) and in different types of AGN/QSO (e.g. Hainline et al. 2011; Cimatti et al. 2013; Cicone et al. 2014; Brusa et al. 2015; Harrison et al. 2012; Förster Schreiber et al. 2014; Cano-Díaz et al. 2012; Rupke & Veilleux 2013b; Feruglio et al. 2010 ) spanning a wide range of velocities. The comparison of different studies of the outflow phenomenon at high redshift (z>1) in normal SFGs (i.e. not starburst) and AGN hosts shows that AGN are generally characterized by faster winds and this velocity difference with respect to SFGs can be interpreted as evidence that the nuclear activity is influencing the gas motion on galactic scales. An AGN origin of fast outflows is also favoured by the fact that feedback models of pure starformation do not reproduce velocities larger than 500-600 km/s (Murray et al. 2005; Lagos et al. 2013; Brusa et al. 2015; Genzel et al. 2014) .
AGN-driven outflows are thought to be multiphase multiscale phenomena. On nuclear scales, mildly ionized warm absorbers are observed in X-rays with velocities of ∼500-1000 km s −1 (e.g. Piconcelli et al. 2005) , ultra-fast outflows (UFOs) at velocities up to 0.2-0.4c are observed through highly ionized Fe K-shell absorption (e.g. Tombesi et al. 2011 Tombesi et al. , 2015 , ionized outflowing gas is observed through optical/UV Broad Absorption Line (BAL) systems in QSOs (e.g. Dai et al. 2008 ). On galactic scales, broad [OIII] λ5007 and Hα, that cannot be explained solely by gravitation- ally bounded internal motions, have been usually interpreted as evidence of galactic-scale winds up to velocities of a few thousands km s −1 (e.g. Förster Schreiber et al. 2009 Schreiber et al. , 2014 Harrison et al. 2012; Zakamska & Greene 2014; Feruglio et al. 2015; Perna et al. 2015a; Cresci et al. 2015; Brusa et al. 2015 Brusa et al. , 2016 Cicone et al. 2016) . Shifted broad components with similar velocities have been also detected in molecular lines (e.g. Feruglio et al. 2010; Sturm et al. 2011; Cicone et al. 2014) . Finally, evidence of neutral/lowionization outflowing gas is provided by the observation of blue-shifted UV inter-stellar medium (ISM) absorption lines (Hainline et al. 2011; Cimatti et al. 2013 ).
Molecular and ionised outflows are characterised by mass-loss rates which can exceed the star formation rate (SFR) by two orders of magnitude and by gas depletion timescales much shorter than typical galaxy timescales (Cicone et al. 2014) . Also, Cimatti et al. (2013) suggest a causal relation between the presence of fast galactic winds in AGN host galaxies at z∼2.2 and the concomitant migration of galaxies onto the red sequence and the decrease in the activity of moderately luminous AGN. These results suggest that AGN-driven outflows might provide the feedback invoked by the models to quench the SF. However, only few studies of high-redshift quasars have been able to provide direct evidence of feedback from the anti-correlation of the spatial distribution of the ionized phase of the outflow and star formation powered emission (Cano-Díaz et al. 2012; Cresci et al. 2015; Carniani et al. 2016 ). The majority of recent studies are concentrating on the understanding of the interplay between the different phases of AGN-driven outflows and on the connection between the different scales, especially in luminous quasars. However, there is mounting evidence that also moderately-luminous AGN might be able to drive galactic-scale outflows and play a key role in feedback processes (Cimatti et al. 2013 ).
One limitation of existing studies is that it is often difficult to place these observations into the context of the overall AGN and galaxy populations as the samples are small and inhomogeneous. Systematic studies of consistently selected samples of normal SFGs and AGN are still quite few both at low (e.g. Concas et al. 2017 ) and high redshift (e.g. Hainline et al. 2011; Cimatti et al. 2013 ). In our work we concentrate on the study the neutral/low-ionization phase of the galactic-scale outflow in a sample of highredshift (1.7<z<4.6) galaxies hosting moderately luminous (LX <10 45 erg s −1 ) AGN, and in a control sample of normal SFGs with no sign of AGN activity, in order to study the possible influence of the AGN on the outflowing material. We will exploit a large compilation of optical spectra and deep X-ray observations to compare outflow properties between the two groups of galaxies.
The paper is organized as follows: in Sec. 2 we present the parent multiwavelength dataset, while in Sec. 3 we describe the selection of the sample analyzed in the paper and its properties; in Sec. 4 we show the analysis of the stacked spectra of the AGN sample compared to the control sample of non-AGN SFGs, while in Sec. 5 we discuss our results. A brief summary (Sec. 6) ends the paper.
Throughout this paper, we adopt a Cosmology with H0=70 km s −1 /Mpc, Ωm=0.3, ΩΛ=0.7 and give magnitudes in AB photometric system.
THE MULTI-WAVELENGTH DATASET
AGN can be identified in a variety of ways taking advantage of tracers of nuclear activity at different wavelengths (e.g. Baldwin et al. 1981; Stern et al. 2005; Smolčić et al. 2008; Donley et al. 2012; Delvecchio et al. 2014) . In this work we focused on AGN identified through X-ray surveys, that have been proved to be the most efficient way to compile nearly unbiased samples of Comptonthin AGN (Brandt & Hasinger 2005) . This selection might miss Compton-thick (CT) AGN that do not constitute, however, a dominant fraction of the AGN population (e.g. Comastri & Brusa 2008; Akylas et al. 2012; Alexander et al. 2013) .
We selected our sample from two fields, COSMOS and GOODS-S, focusing on the areas surveyed by the Chandra X-ray observatory 1 : COSMOS-Legacy (Elvis et al. 2009; Civano et al. 2012 Civano et al. , 2016 and CDF-S (Xue et al. 2011; Luo et al. 2017) . Our parent sample is drawn from a Kselected catalogue in order not to be biased against galaxies with low SFR, since this selection is more sensitive to mass. In particular we used the UltraVista DR1 catalogue (McCracken et al. 2012; Ilbert et al. 2013) for the COSMOS field, and the MUSIC catalogue (Grazian et al. 2006; Santini et al. 2009 ) in the GOODS-S. At K<23.8, that is the magnitude at 90% completeness limit in both fields, our selection is sensitive to stellar masses down to log(M/M⊙)∼10.2 at z∼4.0 (Pozzetti et al. 2010; Ilbert et al. 2013 ).
X-ray data
The K-selected photometric catalogues were complemented with X-ray data from the catalogues of Chandra X-ray sources counterparts of Luo et al. (2017) and Marchesi et al. (2016a) based respectively on the Chandra 7 Ms exposure in the CDF-S and on the COSMOS-Legacy Civano et al. (2016) survey in the COSMOS field, the latter with an effective exposure of ∼160 ks. The association of counterparts to the X-ray sources is detailed in the cited papers. Deabsorbed rest frame 2-10 keV luminosities (LX hereafter) where directly taken from the COSMOS-Legacy catalogue, while in the CDF-S they were derived from rest-frame 0.5-7 keV luminosities tabulated in Luo et al. (2017) assuming a Γ=1.8 power-law. The CDF-S exposure is complete down to logL (0.5−8keV ) ∼41.7 erg s −1 and logL (0.5−8keV ) ∼43.8 erg s −1 respectively at z∼1.7 and z∼4.6 (Luo et al. 2017) , which translates into logLX ∼41.5 erg s −1 and logLX ∼43.6 erg s −1 for Compton-thin AGN (NH <10 23 cm 2 ). In the COS-MOS field the completeness limit is logLX ∼43.0 erg s −1 and logLX ∼44.2 erg s −1 respectively at z∼1.7 and z∼4.6 (Marchesi et al. 2016b) .
By selecting our sample from two different fields we 1 In the COSMOS field we searched for counterparts to X-ray sources in the COSMOS-Legacy area. Howerver, we have restricted our control sample of not X-ray sources only to the central area (i.e. C-COSMOS (Civano et al. 2012) ) in order to maximize the spectroscopic coverage. Also, the public version of the CSTACK tool (see sec. 3.1) that we used to produce stacked Xray maps at the positions of SFGs in the control sample includes only C-COSMOS maps.
can exploit the specific strength of both Chandra surveys: large statistics in the COSMOS field and X-ray depth in the GOODS-S. The obvious drawback of this choice is that in the control sample of SFGs we cannot exclude the presence of X-ray AGN, in the COSMOS field, below the detection limit of the COSMOS-Legacy survey. We deal with this issue in the following sections (Sec. 3.3 and 4)
Spectroscopic data
The main ingredient of our analysis is a large collection of optical spectra that, at our chosen redshift, sample the restframe UV range (λ∼1000-2000Å). In order to study the outflow phenomenon in UV rest-frame spectra two sets of lines are needed: absorption lines of elements at different ionization stages, that are due to absorption by the ISM of the radiation coming from stars and that are the actual tracers of the supposedly moving gas, and spectral lines that define the systemic redshift of the galaxies, respect to which the outflow velocity can be measured. In the latter set of lines we include both stellar photospheric absorption lines, that obviously mark the rest frame of the stars in the galaxy, and nebular emission lines, that originate in nebular regions photoionized by radiation from massive O and B stars. We searched for spectroscopic counterparts of the sources in our K-selected photometric catalogues, within an angular separation of 0.5", in the following spectroscopic surveys conducted at various telescopes: ESO/FORS2 (Vanzella et al. 2008) , VVDS (Le Fèvre et al. 2005 , Szokoly et al. (2004) , ESO/VIMOS (Popesso et al. 2009; Balestra et al. 2010) , K20 (Mignoli et al. 2005) , Silverman et al. (2010) , GMASS (Kurk et al. 2013) in the GOODS-S field, IMACS-Magellan (Trump et al. 2009 ), zCOSMOS-Bright and zCOSMOS-Deep (Lilly et al. 2007) in the COSMOS field, and the recently completed VIMOS Ultra Deep Survey (VUDS) 2 (Le Fèvre et al. 2015) in both fields.
For each survey a confidence flag is defined that expresses the reliability of the spectroscopic redshift determination giving the range of probability for a redshift to be right. We adopted the flags scheme described in Le Fèvre et al. (2015) , that is the native reliability flag scheme for the VVDS, zCOSMOS, and VUDS surveys, and homogenized the confidence flags of the other surveys to that scheme (see also Balestra et al. 2010) . We also degraded the medium-resolution spectra (FORS2 and IMACS R∼660; VI-MOS MR R∼580) to match the resolution of the VIMOS low-resolution grism (R∼230). We point out that the large majority (∼94%) of the spectra used in our analysis actually comes from low-resolution VIMOS surveys, especially zCOSMOS-Deep and VUDS.
SPECTROSCOPIC SAMPLE SELECTION AND PROPERTIES
The high S/N required to robustly measure stellar photospheric and ISM absorption lines is not achieved by currently available optical spectra. Therefore we decided to use spectral stacking techniques to study the average outflow properties of our sample with respect to AGN activity. First, we selected spectra with a secure redshift, i.e. a high confidence flag (3, 4) corresponding to a probability >95% of the redshift to be correct (Le Fèvre et al. 2015) We refined the selection with a redshift cut 1.7<z≤4.6 in order to sample the rest-frame range λ∼1000-2000Å , where the strong UV ISM lines of our interest are located. Finally, we requested that each spectrum covers at least 60% of our chosen rest-frame wavelength range in order to be included in the sample. After this pre-selection we ended up with 1907 galaxies, 267 of which are X-ray detected.
Spectroscopic classification
We excluded from further analysis 170 spectra classified as Type 1 AGN (TY1), i.e. showing broad (FWHM> 1900 km s −1 ) high-ionization emission lines, e.g. CIVλ1550 (Szokoly et al. 2004; Brusa et al. 2010; Hainline et al. 2011) , 161 of which X-ray detected. TY1 were excluded because in their spectra, both individual and composites, ISM absorption lines were not detectable, probably because of the strength of the AGN contribution to the UV continuum 3 . We also excluded from further analysis 13 X-ray sources whose spectra show prominent absorption features in highly ionised lines (BAL QSOs), since these absorptions trace winds at sub-parsec scales close to the accretion disk region, therefore a different phenomenon from the galaxy-wide winds that are the object of our study (Murray et al. 1995; Proga & Kallman 2004) .
In the control sample of SFGs we identified 20 objects, all located in the COSMOS field, whose spectra show narrow high-ionization UV lines. Emission lines ratios are on average consistent with the presence of an AGN (Allen et al. 1998; Feltre et al. 2016, and ref. therein) . X-ray stacking of these sources, based on the CSTACK tool 4 , shows a ∼3σ detection in the soft band. The detected flux implies an average LX ∼10 42.9 erg s −1 at mean redshift z∼2.4, which is above the threshold used in Xue et al. (2011) to identify luminous AGN (see also Ranalli et al. 2003; Bauer et al. 2004) . From these evidences we conclude that these galaxies are likely hosting an AGN.
After these additional selection steps our sample was comprised of 1724 galaxies divided into the following subsample: 1611 SFGs with no evidence of AGN activity neither from X-ray nor from emission lines, 93 X-ray detected sources and 20 sources with no X-ray individual detection but whose mean spectral and X-ray properties are consistent with the presence of a TY2 AGN.
Redshift refinement and final selection
In our sample the redshifts had been originally measured by different people using various techniques, therefore we decided to generate a more homogeneous set of redshifts before stacking. Systemic features (stellar and/or nebular lines) can not be detected in most of the spectra, therefore we adopted a recursive procedure based on the crosscorrelation (Tonry & Davis 1979) of each single spectrum with a template, as follows. A stacked spectrum is created from the entire sample as described in Sec. 4 and it is used as template to run the cross-correlation procedure. After the first run the redshifts of the single spectra are updated and a new template is created. The process is replicated until reaching convergence. We excluded the Lyα line from the wavelength range used in the cross-correlation because the wide range of width and profiles that the line can display could bias the procedure, and masked other strong emission lines.
For ∼17% of the sample, almost all Lyα emitters, the cross-correlation procedure failed to recover a redshift due to low S/N in the continuum combined with the intrinsic faintness of ISM lines typical of strong Lyα-emitters (Shapley et al. 2003 ): these galaxies were excluded from the sample. We attribute the cross-correlation failure to the fact that it is more likely to give a high-confidence flag to the redshift of a low-S/N spectrum if it is a Lyα-emitter than otherwise (Cassata et al. 2015) .
At the end of our selection the final sample used in our analysis counts 1429 galaxies, 1322 of which show no evidence of AGN activity neither from X-ray nor from emission lines, 87 are X-ray detected sources and 20 showing narrow high-ionization UV emission lines do not have X-ray individual detection but their spectral and mean X-ray properties are consistent with the presence of a TY2 AGN.
X-ray properties and final classification
Among the 87 sources in the X-ray sub-sample, 45 show the presence of narrow (FWHM<1900 km s −1 ) high-ionization emission lines in their spectra, e.g. CIVλ1550. Their emission lines ratios, X-ray luminosity (<log(LX)>=44.0 erg s −1 ) and hardness ratio (<HR>∼0.2, HR being defined as H-S/H+S where H and S are the count rates in the hard and soft bands, respectively) clearly indicate the presence of a Type 2 AGN (TY2).
On the other hand, 42 spectra in the X-ray subsample do not show high-ionization emission lines. The LX of these sources spans a range between 10 42 and 10 44 erg s −1 and its origin could be either the AGN activity or star formation. Following the Luo et al. (2017) criteria 6 of those objects, characterized by LX <42.3 erg s −1 , were initially classified as "Galaxies" and the other 36 as "AGN". As an additional check of this classification we converted LX to SFR (following Ranalli et al. (2003) and assuming a Chabrier IMF) and compared the results to the SFR estimated from SEDfitting (see sec. 3.4). We found the SFRL X of the 6 "Galaxies" to be similar to the SED-fitting estimate, suggesting that star formation alone is enough to produce the observed LX . Following this criterion we also changed the classification of other two objects with LX ∼42.3 erg s −1 from "AGN" to "Galaxies". For the remaining 34 objects we found the SFRL X to be on average ∼1 dex higher than the SED fitting estimate, consistently with the "AGN" classification. Moreover, these 34 galaxies have <HR>∼0, that is too flat to be explained by star formation only and consistent with an ab- sorbed power-law with Γ=1.8 and column density NH∼10 22 cm −2 , which is typical of an obscured AGN (Daddi et al. 2007; Cimatti et al. 2013) . We include the 8 objects classified as "Galaxies" based on their X-ray properties in the control sample of SFGs, while we define the 34 AGN as "no emission lines AGN".
Our final sample of AGN counts 99 objects: 45 have been classified as TY2 AGN based both on their UV spectra and X-ray properties, 34 have been classified as AGN based on their X-ray properties though they do not show AGN features in their UV spectra ("no emission lines AGN"), and 20 do not have X-ray individual detection but they show narrow emission lines in their spectra and their mean X-ray properties are consistent with the presence of a TY2 AGN (see sec. 3.1).
Our final control sample of SFGs counts 1330 objects, 8 of which detected in the X-ray. The redshift distribution is shown in Fig. 1 , while the LX distribution of the AGN sample is shown in Fig. 2 .
Finally, we checked whether the control sample of SFGs is indeed free of X-ray AGN. We had already left out from the control sample galaxies showing high-ionization emission lines that are likely to host an AGN with LX below the Chandra detection limit (Sec. 3.1), but "no emission lines AGN" not individually detected in the C-COSMOS maps might still be in the control sample. We built stacked images Figure 2 . Distribution of the X-ray luminosities (in logarithmic scale) of the 79 X-ray detected galaxies in our sample. The red dashed line marks the separation between the two L X bins discussed in Sec. 6 (logL X =43.6 erg s −1 ). The green columns marks the mean L X , measured on stacked images (see sec. 3.1) of the 20 TY2 AGN with no X-ray individual detection.
in the soft and hard bands of C-COSMOS and did the same for CDF-S (1152 and 170 sources respectively, excluding also the 8 X-ray detected SFGs). In the CDF-S we did not find any significant detection. In C-COSMOS we found a mildly significant (2σ) detection only in the soft band. The detected soft-band flux implies an average LX ∼10 42.0 erg s −1 at mean redshift z∼3, that translates into an average SFR broadly consistent with the mean SFR obtained from SED fitting. However, this X-ray emission could also come mainly from a small fraction of low-luminosity AGN. In the CDF-S the fraction of "no emission lines AGN" with LX below the C-COSMOS detection limit, with respect to the control sample of SFGs, is ∼7% with a mean log(LX ) of 43.8 erg s −1 . If we assume that the mean X-ray emission in the stacked C-COSMOS map were produced only by ∼7% of the control sample galaxies in the COSMOS field their typical LX would be log(LX )∼43.15 erg s −1 , which is broadly consistent with the mean LX of "no emission lines AGN" in the CDF-S. We conclude therefore that our control sample of SFGs is likely including a small fraction of low-luminous "no emission lines AGN". We point out that this will not affect our results, as discussed in Sec. 4.5.
Physical properties of the final sample
Rest-frame colours and physical parameters were computed through SED fitting as described in Ilbert et al. (2013) 5 using only galaxy templates. In the case of narrow-lined AGN and "no emission lines AGN", with only an obscured view of the central engine, we do not expect that the AGN emission strongly contributes to the overall UV continuum (Assef et al. 2010) , therefore an SED fitting technique that considers only the galaxy component can be used to obtain a fair estimate of the colours and physical parameters of obscured AGN hosts (e.g. Bundy et al. (2008) ; see also Bongiorno et al. (2012) for a discussion on the uncertainties in the physical properties determination when assuming no AGN component in the SED fitting).
In order to make a more fair comparison of physical properties between AGN and SFGs we also built a massmatched control sample by selecting at random for each AGN a number of SFGs from the control sample such that the normalized distributions of stellar-mass in the two samples are the same within the uncertainties of the mass determination. The size of the mass-matched sample (34 objects with respect to a total number of 99 AGN) was limited by the nature of the stellar-mass distribution of the parent SFGs sample. In Fig. 3 we show the distribution of stellar mass and SFR over our sample. In each plot we highlight the parameters distributions for the X-ray identified AGN samples, for the total control-sample of SFGs and for the massmatched control sample. The X-ray identified AGN sample the high-mass tail of the total distribution and have on average lower SFRs than SFGs with no sign of AGN activity in the mass-matched sample 6 . In Table 1 we summarize the mean properties of our sample in terms of redshift, mass, and SFR.
We compare our selection to the parent photometric sample at the same redshift through the rest-frame (NUVr)vs.(r-K) colour-colour diagram (Arnouts et al. 2013) in Fig. 4 . Our selection is fairly representative of the population in the bluest region of the parameters space ((r−K)<0.5 and (N U V −r)<1.5) in terms of median stellar mass and SFR: in the parent sample log(M/M⊙) med )∼9.7 and log(SF R med )∼1.3 M⊙ yr −1 , similarly in our selection log(M/M⊙) med )∼9.9 and log(SF R med )∼1.6 M⊙ yr −1 . However, with respect to the entire colour-colour space our selection is biased towards bluer, less massive, and less dusty objects, as would be expected given the requirement to have high-quality optical spectroscopy.
SEARCHING FOR OUTFLOWS
We split our total sample into different sub-samples and build stacked spectra of each of them in order to achieve 5 Though the sample selection was done on the K-selected UltraVista DR1 catalogue, for the SED fitting we used the more recent photometry presented in the COSMOS15 catalogues (Laigle et al. 2016) , while in the CDF-S field we complemented the MUSIC catalogues with MUSYC photometry (Cardamone et al. 2010 ). 6 A K-S test on the two SFR distributions gives a p-value∼10 −4 , that implies that the null hypothesis of similar distributions is rejected at >99.9% significance level. Grey dots indicate all galaxies at 1.7<z<4.6 in the parent photometric sample (∼25000 objects). Black crosses indicate the spectroscopic control sample of SFGs analysed in this work. Red squares indicate the mass-matched control sample of SFGs. Filled and empty blue triangles indicate the AGN in our spectroscopic sample, respectively AGN with an individual X-ray detection and TY2 AGN with no individual X-ray detection (identified as AGN through X-ray stacking). The heavy black lines broadly delineate the region of passive galaxies, while the black arrow shows the direction of the attenuation vector (Arnouts et al. 2013 ).
a high enough S/N to measure systemic features and ISM absorption lines. All stacked spectra were created by shifting all the individual spectra to their rest frame using the redshifts obtained as described in Sec. 3.2. The spectra were then scaled by the median flux in the wavelength range 1410-1510Å , that was chosen to be common to all the spectra and free from strong lines, rebinned to a dispersion of 1.3Å per pixel 7 , and averaged without any weights. General results
7
The largest dispersion of single spectra is 5.3Å per pixel in
would not change if we used composite spectra constructed from the median of the flux values at each wavelength instead of the average. The uncertainty in the systemic redshifts obtained through the cross-correlation procedure (sec. 3.2) is expected to cause a broadening of the spectroscopic features in the stacked spectra. The redshift uncertainty in the spectra of individual galaxies is therefore propagated into the uncertainty in the measurement of the centroids of the spectral lines in the stacked spectrum, since this uncertainty is proportional to the FWHM of the line (Lenz & Ayres 1992) 8 .
Measurements and uncertainties
We measured the centroid and EW of each line on the composite spectrum of each sub-sample by simultaneously fitting each line with a Gaussian function and the local continuum with a linear function (Fig. 5) . For each line the local continuum was defined as the wavelength range including the line and two flanking continuum bandpasses of ∼50Å each, corresponding to about five times the mean FWHM of the measured lines. Groups of nearby lines (closer than ∼50Å) were fitted simultaneously. In order to estimate measurements uncertainties, for each sub-sample an artificial noiseless template was created from the quantities measured on the real composite (slope and normalization for the continuum and Gaussian parameters for the spectral lines). Random noise was then added to the template until the S/N of the true composite spectrum was matched, and centroids and EWs of the spectral lines of interest were measured on each realization of the noisy the observed frame. The rest-frame dispersion of the composite was set to be 1.3Å ∼ 5.3Å /(1+<z>), where <z>=3.1, to match the observed pixel resolution. 8 In order to test the validity of our results against the redshift refinement method we created the composite spectrum of the X-ray detected TY2 AGN sub-sample (see Sec. 3.3) using the redshift given by the HeIIλ1640 line for the individual galaxies. Similarly, we created the composite spectrum of a sub-sample of galaxies from the control sample of SFGs with CIII]λ1909 emission using this line to set the redshift of individual spectra following Talia et al. (2012) (see Sec. 4.3 for more details about the use of these lines as tracers of the systemic frame). In both cases the results of the velocity offset measurements are indistinguishable within the errors from the ones obtained when using the crosscorrelation-derived redshifts to create the stacked spectra. In this work we used the latter set of redshifts since they were derived in a homogeneous way for all the galaxies in the sample. template. The r.m.s. of 100 repeated measurements, with respect to the input value, was adopted as the measurement uncertainty for each line. Finally, the errors in the velocity shifts were computed as the quadratic sum of the uncertainty in the measurement of the systemic lines centroid and the error in the measurement of the ISM lines centroids.
Determination of the systemic frame
First of all we compare the composite spectrum of the control sample of 1330 SFGs with no evidence of AGN activity with the composite of the 79 X-ray individually confirmed AGN. Both stacked spectra are shown in Fig. 6 , while Fig.  7 shows more in detail the ISM lines of interest. Strong low-ionization absorption lines (e.g. SiIIλ1260, CIIλ1334, SiIIλ1526, FeIIλ1608, AlIIλ1670) and highionization doublets (SiIVλλ1393,1402, CIVλλ1548,1550, AlIIIλλ1854,1862) are clearly visible in the SFGs spectrum (for a complete list of features see Talia et al. (2012) ). We are also able to detect stellar photospheric absorption lines (CIIIλ1176 and SVλ1501) that we used to set the systemic redshift of the spectrum.
In the AGN stacked spectrum we detect weaker low-and high-ionization absorption lines, with respect to the SFGs sample, and no photospheric stellar lines. In this case we used instead the HeIIλ1640 emission line as tracer of the systemic frame. As HeIIλ1640 is not a resonance line (as, for example, Lyα is) it can serve as a tracer for the redshift of the H II regions near/around the stars 9 . The HeIIλ1640 9 Another emission line that could be in principle be used as a tracer for the systemic redshift is the CIII]λ1909 doublet. However, the doublet is not resolved at the resolution of our sample and the flux ratio of the two components is sensitive to the electron density (Keenan et al. 1992) . In absence of an AGN the values that the lines ratio can take is quite narrow, therefore even in case of low-resolution spectra the doublet can be robustly modelled and used as systemic redshift tracer (e.g. Talia et al. 2012; Guaita et al. 2017 ). In our SFG spectra the systemic redshift computed from the CIII]λ1909 doublet following Talia et al. (2012) is line can be originated by different mechanisms, e.g. PopIII stars, AGN activity, stellar winds from Wolf-Rayet (W-R) stars (Cassata et al. 2013 ). In our X-ray AGN composite the strength of the line with respect to the SFGs composite (∼10× higher) and the relative strength of the HeIIλ1640 with respect to the other emission lines in the spectrum strongly favours an AGN origin over the other two possibilities, though with our data we cannot completely rule out a possible contribution from W-R stellar winds. The HeIIλ1640 line was already successfully used to determine the systemic frame of Type 2 AGN by Hainline et al. (2011) who demonstrated that the average velocity difference between HeIIλ1640 and Hα is -37 km s −1 , that is lower than our velocity uncertainties.
Results
The velocity shifts of the ISM lines in the SFGs and AGN stacked spectra are reported in Table 2 .
In the SFGs spectrum we measure velocity offsets for the ISM lines that are on average of the order of ∼ − 150 km s −1 . These velocities are consistent with similar studies of SFGs at z>1 (e.g. Shapley et al. 2003; Vanzella et al. 2009; Talia et al. 2012; Bordoloi et al. 2014) . The largest velocity is measured for the CIV doublet (∼ − 650 km s −1 ), which is also the most uncertain given the likely dominating contribution of stellar winds to the line profile (Walborn & Panek 1984) . Moreover, there is an additional uncertainty on the true centroid of the blend since in our spectra the CIV doublet is not resolved. The OI+SiIIλ1303 measurement is also affected by the uncertainty of being an unresolved blend of two lines and by possible contamination of SiIIIλ1296 stellar absorption (Chandar et al. 2005) . The shifts of the other high-ionization doublets (i.e. AlIII and SIV), whose profiles are likely dominated by the interstellar component instead of stellar winds (Walborn & Panek 1984) , are instead in line with the ones measured for the low-ionization lines. The FeIIλ1608 is the only ISM line at rest with respect to the systemic redshift (see also Shapley et al. 2003; Talia et al. 2012 ). In Talia et al. (2012 it was argued that a blend of absorption features (FeIII, AlIII, NII) typical of O and B stars (Kinney et al. 1993 ) could be contaminating the FeII line profile. Higher resolution spectra would be needed to understand whether the FeII ion has the same kinematics of the other low-ionization lines or if it is truly not participating in the moving gas flow.
In the AGN composite spectrum we measure velocity offsets on average of the order of ∼ −950 km s −1 that are much higher than in the SFGs spectrum (see Fig. 7 ). We have to point out that the offsets that we measure from the ISM lines have to be considered only as lower limits, because the blueshifts account only for the radial velocity component of the outflow and with our data we cannot investigate the effects of different orientations of the outflow on the lines profile. Interestingly the FeIIλ1608 line is at rest in agreement, within the errors, with the one obtained from the photospheric absorption lines. On the other hand, in presence of an AGN the knowledge of the electron density is crucial to model the emission lines doublet and this prevented us from using also this line in our analysis of the AGN composite.
Individually detected X-ray AGN

Mass-matched SFGs sample
Total SFGs sample Figure 6 . Top three panels, from top to bottom: stacked spectra of individually detected X-ray AGN (blue); mass-matched sample of SFGs (grey); control sample of SFGs with no sign of AGN activity (red). The AGN spectrum is shown with a flux logarithmic scale to ease visualization. Bottom three panels: zoom over the ISM lines to show the comparison between the continuum normalized stacked spectra of the total SFGs sample and the individually detected X-ray AGN sample (top), the mass-matched SFGs sample and the individually detected X-ray AGN sample (middle), and the total SFGs sample and the mass-matched SFGs sample (bottom). Most prominent ISM lines (except FeIIλ1608) show a larger blueshift in the AGN composite spectrum with respect to both the total and mass-matched SFGs spectra. All spectra are at rest with respect to their systemic redshift set by photospheric stellar lines (CIIIλ1176 and SVλ1501) in the SFGs spectra, and the HeIIλ1640 emission line in the AGN spectrum. . ISM absorption lines in the continuum normalized stacked spectra of individually detected X-ray AGN (blue); massmatched sample of SFGs (grey); control sample of SFGs with no sign of AGN activity (red), relative to zero velocity defined by photospheric stellar lines (CIIIλ1176 and SVλ1501) in the SFGs spectra, and the HeIIλ1640 emission line in the AGN spectrum. For the line doublets the shortest wavelength line is taken as reference. Vertical continuous, dashed and dotted lines mark spectral lines centroids in the stacked spectra of, respectively, the massmatched sample of SFGs, X-ray AGN, and total control sample of SFGs. Only the five lines that were measured in all three stacked spectra are shown, namely SiIIλ1260, OI+SiIIλ1303, SiIVλλ1393,1402, FeIIλ1608, AlIIIλλ1854,1862 (see also Table 2 ). To note that the diffent panels are on different scales on both axes. also in this spectrum. We interpret the difference in the velocity offsets of ISM lines in the two spectra as evidence that in AGN-hosts the higher outflow velocity is the result of the combined contributions of star-formation and AGN activity (see also Hainline et al. 2011; Cimatti et al. 2013 ). This result is in line with simulations that indicate that pure starformation cannot produce outflows faster than ∼ 600 km s −1 (Thacker et al. 2006) .
In Table 2 we also report the EW of the ISM absorption lines in the two stacked spectra. The EW ratio of the two SiII transitions in the SFGs spectrum demonstrates that SiII transitions and likely all other low-ionization absorption lines are optically thick and therefore cannot be used to infer the column density of the neutral gas. However, we can make some brief considerations on the relative strength of the lines in the two stacked spectra.
In the stacked spectrum of SFGs all ISM absorption lines but AlIIIλλ1854,1862 are stronger than in that of the AGN. On the other hand, the SFGs spectrum shows a weaker Lyα emission line. An anti-correlation between the strength of Lyα and that of ISM lines in SFGs has been explained by Shapley et al. (2003) by different gas covering fractions: galaxies with a larger covering fraction of dusty clouds suffer more extinction of the UV stellar continuum, as shown by their red continuum slope, as well as exhibit larger equivalent widths and weaker Lyα emission (see also Pentericci et al. 2007; Kornei et al. 2010) . However, our non-AGN SFG composite has a bluer slope with respect to the AGN one. This discrepancy with the trends among non-AGN SFGs has been observed also by Hainline et al. (2011) in their sample of TY2 AGN and might indicate that the Lyα flux that we observe in the AGN sample originates from both the ISM as well as the nuclear region. These two sources of Lyα photons may have disjoint properties with respect to the geometry of dust extinction, suppressing the trend observed among the non-AGN SFGs.
Outflow velocity dependence on X-ray luminosity
We further divided our X-ray AGN sample into two bins with respect to the LX to search for a possible dependence of the outflow velocity and built a stacked spectrum for each sub-sample as described in the previous sections. The stacked spectra are shown in Fig. 8 . The LX distribution over the sample shows a peak around log(LX )∼43.8 erg s
and a low-luminosity tail. We decided to split the sample at log(LX )∼43.6 erg s −1 : after some tests we verified that this is also the optimal binning in order to have two stacked spectra of comparable S/N in the continuum. In Table 1 we show that the two sub-samples have similar mean (median) stellar masses and SFRs: as discussed in the following section this ensures that a difference in velocity offsets between the two spectra should be due mainly to the different properties of the AGN in the two samples. However, as shown in Table 3 , no significant difference is found between the two composite spectra. The largest difference is seen for the SiIVλ1393,1402 doublet, that shows a smaller EW in the high-LX composite spectrum, possibly due to a higher contamination from the emission line with respect to the high-LX bin. However the difference is not highly significant given the errors.
We also created the stacked spectrum of the 20 TY2 AGN with no individual X-ray detection (Fig. 8) . As pointed out in Sec. 3 we cannot secure the presence of an AGN in the individual sources; however these objects show evidence of AGN activity in their stacked spectrum and X-ray maps, with an average <logLX >42.9 erg s −1 , that is comparable to the average LX of the 23 sources in the low-luminosity bin of the X-ray confirmed AGN sample 10 . In this case only two ISM lines could be detected: OI+SiIIλ1303 and SiIIλ1526 for which we measure, respectively, velocity offsets of -765±195 km s −1 and 167±170 km s −1 . The velocity offset of the OI+SiIIλ1303 is perfectly in line with the velocities measured in the X-ray confirmed AGN, further confirming the absence of a correlation between outflow velocity and X-ray luminosity in AGN host galaxies. Curiously, the SiIIλ1526 is instead at rest with respect to the HeIIλ1640. We suspect a contamination by an absorption component of CIVλ1550, but higher resolution spectra would be required to further investigate this issue.
Assessing the influence of potential biases
The AGN in our sample populate the high-mass tail of the mass distribution of the total sample, while the control sample contains a large number of lower-mass SFGs. Therefore we built a mass-matched sample as detailed in Sec. 3.4. Previous studies find no significant correlation between stellar mass and outflow velocity (Talia et al. 2012; Bordoloi et al. 2014; Bradshaw et al. 2013; Karman et al. 2014 ) and in fact we measured velocity offsets in the mass-matched sample spectrum that are broadly consistent, within the errors, to the ones measured in the composite of the total SFGs sample (see Table 2 . In particular, also for the mass-matched sample the velocity offsets are always significantly lower than in the AGN composite spectrum. On the other hand discrepant results have been reported on the possible dependence of outflow velocity on SFR, with some authors reporting no correlation (e.g. Talia et al. 2012) and others reporting a positive one (e.g. Bradshaw et al. 2013) . Our AGN have a lower SFR, on average, with respect to SFGs with the same stellar mass (see Sec. 3.4 and Table 1 ), therefore they should show similar or slower velocities with respect to the SFGs sample, if star-formation were the only outflow driving mechanism. We therefore interpret the different velocity offsets as evidence of a strong AGN contribution in powering the outflow in the galaxies of the AGN sample. We are aware that an X-ray selection is biased against obscured sources, however this should not bias our AGN sample against galaxies with higher sSFR. For example, in Lanzuisi et al. (2015) and Georgantopoulos et al. (2013) CT AGN are shown to lie typically on the main sequence. Also Rovilos et al. (2012) find no correlation between NH and sSFR. Finally, Lanzuisi et al. (2017) find a correlation between NH and mass but not SFR. Given the arguments presented in the cited papers, we have no strong reason to believe that the missing fraction of CT AGN is affecting the SFR distribution of our sample.
We also know that the control sample is likely to contain a small (∼7%) fraction of "no emission lines AGN" in the COSMOS field individually undetected in X-ray maps (see Sec. 3.3) . To evaluate how their presence could bias our results we considered only galaxies in the CDF-S. We built two stacked spectra: one only with galaxies from the control sample and the other adding also "no emission lines AGN" in the CDF-S with LX below the C-COSMOS detection limit. We did not find a statistically significant difference in the velocity offsets measured in the two spectra, though with high measurements uncertainties due to the low number of spectra involved in the exercise, meaning that the percentage of galaxies with higher velocity shifts in their ISM lines is too low to significantly change the mean measurements. We do not know whether the relative number of "no emission lines AGN" in C-COSMOS, with respect to SFGs with no AGN activity, would be the same as in CDF-S. However, we point out that even if the percentage of X-ray undetected "no emission lines AGN" would be much higher the net effect would be to increase the velocity offsets measured in the stack of the control sample. In principle, a clean sample Figure 8 . Top three panels, from top to bottom: stacked spectra of individually detected X-ray AGN with L X >10 43.6 erg s −1 (red; 56 objects); individually detected X-ray AGN with L X <10 43.6 erg s −1 (blue; 23 objects); TY2 AGN not individually X-ray detected (grey; 20 objects). The spectra are shown with a flux logarithmic scale to ease visualisation. Bottom panel: zoom over the ISM lines to show the comparison between the stacked spectra of two sub-samples of individually detected X-ray AGN. Most prominent ISM lines show similar blueshifts in both composite spectra. All spectra are at rest with respect to their systemic redshift set by the HeIIλ1640 emission line. Spectral lines of interest are marked at the position of their vacuum wavelength and labelled: emission lines (gold solid lines), ISM low-ionization absorption lines (blue dotted lines), ISM high-ionization absorption lines (red dot-dashed lines).
of "pure" SFGs would therefore show lower velocities than the ones that we have reported in Table 2 making the outflow velocity difference between SFGs and AGN hosts even larger.
DISCUSSION
We compared the velocity of the low-ionization phase of the outflow in a sample of high-redshift SFGs with and without X-ray confirmed AGN activity and found that outflows are faster in AGN host galaxies (see also Hainline et al. 2011; Cimatti et al. 2013) . Many studies of the ionized phase of the outflow report similar findings (e.g. Harrison et al. Figure 9 . ISM absorption lines in the stacked spectra of individually detected X-ray AGN with L X >10 43.6 erg s −1 (red); individually detected X-ray AGN with L X <10 43.6 erg s −1 (blue), relative to zero velocity defined by the HeIIλ1640 emission line. For the line doublets the shortest wavelength line is taken as reference. Vertical continuous and dotted lines mark spectral lines centroids in the stacked spectra of, respectively, the low-L X and high-L X AGN samples. Only the four lines that were measured in both stacked spectra are shown, namely OI+SiIIλ1303, SiIVλλ1393,1402, FeIIλ1608, AlIIIλλ1854,1862 (see also Table 3 ). To note that the diffent panels are on different scales on both axes. Schreiber et al. 2014; Perna et al. 2015a,b; Brusa et al. 2015 Brusa et al. , 2016 , suggesting a similar behaviour of the different phases of the outflow.
2012; Förster
A correlation between outflow velocity and the power of the AGN would be expected since the presence of an AGN can boost the wind velocity with respect to the effect of star formation alone. This issue has been addressed by some studies of the ionized phase. For example, Zakamska & Greene (2014) find a trend of [OIII]λ5007 emission line width (a proxy of outflow velocity in the ionized phase) with the IR luminosity in SDSS luminous quasars, as expected for outflows driven by the radiation pressure of the quasar (e.g. Menci et al. 2008) . Perna et al. (2017) find as well a positive correlation between outflow velocity and X-ray luminosity of SDSS AGN (both TY1 and TY2). Studies like Brusa et al. (2015) that find no correlation between AGN luminosity and ionized phase wind velocity are analysing biased samples that were specifically selected to have an enhanced probability of showing fast galactic-scale winds.
Our analysis of the low-ionization phase of the ISM offers a complementary view on the outflow phenomenon in AGN hosts. In particular, our results do not show a correlation between LX and outflow velocity: we measure instead similar ISM absorption lines offsets in the stacked spectra of Figure 10 . Measured velocity offsets of ISM lines in the six stacked spectra analysed in the paper as a function of X-ray luminosity (see Tables 2 and 3 ): control sample of SFGs (black big circles), mass-matched sample of SFGs (grey small circles), total sample of individually X-ray detected AGN (red triangles), X-ray AGN with L X <10 43.6 erg s −1 (blue squares), X-ray AGN with L X >10 43.6 erg s −1 (dark green pentagons), TY2 AGN not individually detected in X-ray (light green pentagons). Filled symbols indicate measurements of individual lines tracing outflowing gas. We only show the blueshifted lines that are measured in all the spectra: OI+SiIIλ1303, SiIVλλ1393,1402, AlIIIλλ1854,1862 (for the TY2 AGN with no individual detection the only measured line is OI+SiIIλ1303). Empty symbols indicate the mean value for each sub-sample and are slightly shifted in the x-direction to ease visualization. Error bars represent mean errors for each sub-sample.
AGN with different X-ray luminosities (see Fig. 8 and 10) . Assuming a simple model in which UV ISM lines are produced by clouds of absorbing material that are swept by the hotter flow of more highly ionized material (Heckman et al. 2000) , our results would suggest that, regardless of the power of the energy source driving the outflow, these clouds can be accelerated only up to a certain velocity before being disrupted. Alternatively (or complementarily), cool clouds could be forming only at a certain distance from the energy source that is driving the wind, inside the decelerating flow. The ionized gas that produces high-ionization absorption lines would be likely located in the outer regions of the clouds producing the low-ionization lines (Shapley et al. 2003) . Multiphase studies of the outflow in local galaxies show a great variety in the relative distribution of the neutral and ionized component of the outflow suggesting that the two phases of the outflow may be mixed only up to relatively low velocities, while the highest velocities can be reached only by the highly ionized phase (Rupke & Veilleux 2013a ). Our results may be consistent with this picture.
In order to understand whether the measured outflow velocities would be sufficient for the gas to actually leave the galaxy, we computed the escape velocities (Vesc= 2GM/re, where M is the sum of stellar and gas mass) expected respectively for the median mass of the non-AGN SFGs sample (log(M⋆/M⊙)∼9.9) and of the X-ray detected AGN sample (log(M⋆/M⊙)∼10.8). Following the prescription of Magdis et al. (2012) to estimate the fraction of gas mass we derive a total gas mass log(Mgas/M⊙)∼10.5 for the SFGs sample and log(Mgas/M⊙)∼10.9 for the X-ray AGN sample. Assuming a typical size of re∼5 kpc (van der Wel et al. 2014) we derive Vesc ∼260 km s −1 for the non-AGN SFGs sample and of Vesc ∼500 km s −1 for the AGN sample. Comparing these values of Vesc with the velocity offsets in Tables  2 and 3 it is evident that SFR-driven winds are hardly capable of reaching the outskirts of the galaxy, while AGN activity can push ISM winds beyond the limit given by the escape velocity, though in this exercise we are not considering the dark matter halo, therefore we cannot establish if the outflowing gas could be effectively injected in the intergalactic medium (see Harrison et al. 2012) . Also, whether the warm clouds embedded in the ionized outflow can actually reach the outskirts of the galaxy before disrupting or changing phase is not clear. Deep spatially resolved studies would be needed to trace the journey of the low-ionization gas inside the outflow.
However, a hint that a fraction of ISM gas in either neutral or ionized form must be escaping from the AGN hosting galaxies is given by the different average SFR that we measure in the X-ray AGN sample and in the mass-matched non-AGN SFGs sample (see also sec. 4.5). We can speculate that in our sample the fact that the SFR is lower in galaxies hosting an AGN is related to their enhanced outflows that are effectively removing gas from the galaxy reducing the formation of stars. Up to now only few spatially resolved studies of high-redshift quasars have been able to provide evidence of feedback from the anti-correlation of the spatial distribution of the ionized phase of the outflow and star formation powered emission (Cano-Díaz et al. 2012; Cresci et al. 2015; Carniani et al. 2016) .
SUMMARY
In this paper we have analysed a spectroscopic sample of 1429 galaxies at 1.7<z<4.6 to study the possible relation between outflows in the low-ionized gas component and AGN activity. We have exploited Chandra data in two fields (COSMOS and CDF-S) to identify moderately luminous (LX <10 45 erg s −1 ) AGN based on their LX . We built stacked spectra in order to achieve a S/N high enough to measure robustly the velocity shifts of ISM absorption lines that are usually associated to outflowing gas. The main results of this work can be summarized as follows.
• We divided our sample into X-ray confirmed AGN and SFGs with no AGN activity and measured ISM lines in the average spectra created from the two sub-samples. In the SFGs spectrum we measure ISM lines blue-shifted on average ∼ − 150 km s −1 , consistent with previous studies at various redshifts. This offset is interpreted as evidence of gas moving towards the line of sight. In the AGN spectrum we measure stronger velocity offsets of the order of ∼ − 950 km s −1 . We interpret the difference in the velocity offsets of ISM lines in the two spectra as evidence that AGN activity can boost the outflow to velocities that cannot be reached with the contributions of star-formation alone.
• We further divided the X-ray sample into two bins to study the possible dependence of outflow velocity on Xray luminosity. We found no evidence of such correlation, since we measured the same average velocity offsets in the two spectra. This might indicate that the cool clouds of neutral/low-ionized absorbing gas embedded in the outflow can be accelerated only up to a maximum velocity before being disrupted. Therefore, though the AGN-powered outflows can reach velocities higher than the escape velocity of the host galaxy, it is not clear whether the neutral clouds can survive until they reach the galaxy outskirts or if all the possibly escaping gas is in ionized diffuse phase.
In conclusion, our data are consistent with an AGN-driven feedback picture. However, to gain further insight in the outflow phenomenon we need statistically large samples of galaxies in which both low-and high-ionization phases of the outflow can be studied simultaneously with enough S/N and spatial resolution.
